As the number of long-term cancer survivors is increasing, the incidence of post-irradiation malignant mesothelioma may also increase. We herein present the case of an 85-year-old female patient with a history of several surgeries for solid tumors and radiotherapy to the pelvis, who presented with abdominal pain and diarrhea. The patient's general condition gradually worsened and she succumbed to cardiopulmonary arrest triggered by vomiting ~3 months after the onset of the abdominal symptoms. An autopsy revealed malignant intestinal obstruction caused by peritoneal mesothelioma. Irradiation is a known risk factor for malignant mesothelioma, which may develop ~10-30 years after radiotherapy. To the best of our knowledge, this is the first report of a patient with malignant mesothelioma developing ~50 years after radiotherapy. The aim of the present study was to remind physicians that malignant mesothelioma should be considered in the differential diagnosis of patients with a history of radiotherapy who present with gastrointestinal symptoms.
Introduction
Malignant mesothelioma is an aggressive neoplasm that arises from the mesothelial cells lining serosal surfaces. The majority of mesotheliomas arise in the pleura (85.5%), and malignant peritoneal mesothelioma (MPM) is a rare tumor accounting for 13.2% of all malignant mesotheliomas (1) . The incidence of MPM varies across countries, but there are reports that it ranges from 0.5 to 3 cases per 1 million population (2) . According to the World Health Organization, the age-specific mortality rate of peritoneal malignant mesothelioma is 0.3 per 1 million people, and the mean age at death of MPM is 66.0 years (3) . However, as the number of patients with MPM is on the increase (2) (3) (4) , clinicians and pathologists may acquire more experience with MPM patients in the future.
Asbestos exposure is the most important risk factor for malignant mesothelioma, including MPM (4) . In addition, irradiation is also a known risk factor for malignant mesothelioma, and many develop ~10 to 30 years after radiotherapy (5) (6) (7) (8) (9) (10) (11) (12) . Other risk factors for malignant mesothelioma have been reported to include other minerals, such as erionite, thorium and mica (2, 4) . However, as these other mineral-related risks are only reported in case reports, the relative risk of developing MPM has not yet been quantified (4) .
We herein report a case of MPM diagnosed on autopsy in a patient who succumbed to intestinal obstruction. The patient had no history of asbestos exposure, but had a history of radiotherapy for ovarian cancer ~50 years earlier. To the best of our knowledge, this is the first report of a patient with malignant mesothelioma that developed this long after radiotherapy.
Case report
An 85-year-old Japanese woman presented at the Matsumoto Medical Center with abdominal pain and diarrhea in June, 2017. The patient had no history of asbestos exposure; however, she had a history of several tumor surgeries: Bilateral adnexectomy and postoperative radiotherapy for ovarian tumors in her 30s (details unknown), right upper lobectomy for lung adenocarcinoma at the age of 69 years, thymoma resection at the age of 73 years, and rectal amputation with artificial anostomy for rectal adenocarcinoma at the age of 79 years. The patient had not received postoperative treatment, including radiation therapy, following surgery for rectal cancer. A physical examination revealed bilateral pleural effusion, ascites, and lower leg edema. Laboratory tests revealed an increased white blood cell count (12,270/µl: Reference value 3,300-8,600/µl), anemia (hemoglobin, 7.4 g/dl: Reference value 11.6-14.8 g/dl), hypoalbuminemia (albumin, 1.4 g/dl: Reference value 4.1-5.1 g/dl), and elevated C-reactive protein level (13.3 mg/dl: Reference value 0.00-0.14 mg/dl). The serum levels of tumor markers,
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including carcinoembryonic antigen (CEA) and carbohydrate antigen 125 (CA125), were not elevated. Therefore a postoperative adhesive ileus was suspected and the patient was treated with antibiotics and albumin supplementation, in addition to intravenous fluid administration, as neither the patient nor her family wished to have aggressive examinations or treatment. In addition to the presenting symptoms, vomiting, hematemesis and bleeding appeared in September, 2017. The patient's general condition gradually worsened, and she succumbed to cardiopulmonary arrest triggered by vomiting at ~3 months after the onset of the abdominal symptoms. An autopsy was performed with the consent of the patient's family. Macroscopically, surgical scars were identified in the right chest and the lower abdominal midline. In the pleural cavity, clear yellowish pleural effusion (350 ml on the left side and 250 ml on the right side) and pleural adhesions on the upper right side were observed. There was no evident pleural plaque formation. The abdominal cavity contained 3,000 ml of slightly cloudy, yellowish ascitic fluid, and moderate intestine-to-intestine and intestine-to-pelvic peritoneum adhesions were observed. The ileum exhibited adhesions to the pelvic wall with focal narrowing for a length of ~5 cm (Fig. 1A) .
On cross section, the intestinal wall in the area of the ileal narrowing appeared thickened (Fig. 1B) . On histopathological examination of the thickened ileal wall, proliferating atypical cells on the peritoneal surface were identified ( Fig. 2A and B) . These atypical cells had enlarged nuclei and were arranged in small papillary or tubular formations (Fig. 2C ). No mucin production was observed. Immunohistochemically, the atypical cells were positive for cytokeratin (CK) 7 (Fig. 2D) , calretinin ( Fig. 2F ) and podoplanin/D2-40 ( Fig. 2G ), but negative for CK20 ( Fig. 2E) , thyroid transcription factor-1 (Fig. 2H) , CEA (Fig. 2I ), CA125 (Fig. 2J ), estrogen receptor (ER) (Fig. 2K) , and paired box 8 (PAX8) (Fig. 2L) . Therefore, the patient was diagnosed with MPM of the epithelioid type. MPM with fibrous thickening of the intestinal wall was limited to the ileum, but focally involved the serosa of the stomach, jejunum, and the fibrous capsule of the spleen. No recurrence or metastasis of the ovarian tumor, thymoma, lung adenocarcinoma, or colorectal adenocarcinoma were identified locally or systemically.
Discussion
Clinically, postoperative adhesive ileus and recurrence or metastasis of the prior cancers was suspected due to the patient's medical history. In general, the abdominal symptoms of MPM are non-specific, and may include ascites, retention, abdominal distension, abdominal pain, weight loss, nausea and vomiting (4). The imaging and macroscopic findings of MPM are also non-specific, such as peritoneal thickening and mass formation (4). Thus, it is difficult to clinically distinguish MPM from cancer recurrence or metastasis. 18 F-fluorodeoxyglucose-positron emission tomography (PET) was recently reported to be a valuable imaging tool in the preoperative diagnosis and management of MPM (13) . In the future, detailed whole-body search, including PET examination, may be useful for the early diagnosis of MPM.
Histologically, MPM is classified into three subtypes: Epithelioid, sarcomatoid and biphasic. The majority of MPMs are of the epithelioid type, and display a papillotubular or solid pattern (4, 14) . Thus, morphological differentiation between epithelioid-type MPM and adenocarcinoma is usually difficult. In particular, morphological differentiation between epithelioid MPM and serous adenocarcinoma, which arises in the uterus, ovary, oviduct and the peritoneum, is crucial in female patients (15) . Immunohistochemical examination is necessary for definitive diagnosis. MPM is generally positive for mesothelial markers (calretinin, D2-40, Wilms' tumor-1 and CK 5/6) and negative for epithelial markers (several cytokeratins, such as CK AE1/AE3, CK7 and CAM 5.2), adenocarcinoma markers (CEA, CA 19-9 and epithelial-specific antigen/Ber-EP 4), and hormone receptors (ER and progesterone receptor) (4, 14, 15) . In addition, the Müllerian marker PAX8 is highly positive in serous adenocarcinoma, but generally negative in MPM (14, 16) . Immunohistochemical analysis using a panel of multiple markers is recommended for accurate diagnosis. In the present case, surgery for the ovarian tumor had been performed >50 years earlier and details, including the histological subtype, were unavailable; however, immunohistochemical examination (positive for calretinin and D2-40, and negative for PAX8, CA125 and ER) confirmed the diagnosis of MPM and excluded serous adenocarcinoma.
Asbestos exposure is the most common cause of malignant mesothelioma, including MPM, particularly in men (1, 4, 14) . However, there are several cases in women that are not associated with asbestos exposure (4). Our patient had a negative history for occupational asbestos exposure, as she was a housewife. Furthermore, none of her family members have developed asbestos-related diseases, such as mesothelioma and lung cancer, to date. In addition, findings indicating asbestos exposure, such as pleural plaque formation, were not observed on autopsy. Therefore, exposure to asbestos was an unlikely cause of MPM in this case.
However, the patient had a history of multiple maligancies (ovarian cancer, lung cancer, thymoma and rectal cancer) and radiotherapy to the pelvis. In this case, although the patient's history suggested the possibility of a genetic mutation that increases susceptibility to developing multiple malignancies, the main lesion of MPM was located in the ileum and adhered to the pelvis, with superficial spread to a limited serosal area of the stomach, jejunum and spleen; the location of the lesion corresponded to the pelvic irradiation site following ovarian cancer surgery. Malignant mesothelioma can occur after radiotherapy for tumors, which suggests that direct irradiation may be a risk factor for its development. Malignant mesotheliomas following radiation therapy usually develop ~10-30 years after radiotherapy (5) (6) (7) (8) (9) (10) (11) (12) . In addition, the US epidemiological study on radiotherapy (external radiation) for solid tumors suggested that direct irradiation was associated with the onset of malignant mesothelioma (17) . In particular, there is an increased risk for >10 years after irradiation (17) . However, the cumulative incidence of malignant mesothelioma was lower over a time period of >40 years after irradiation (17) . This may be due to the fact that malignant mesothelioma is a rare disease, and other clinical factors, such as the onset of other diseases, are involved in long-term epidemiological surveys. As described above, there have been several case reports of MPM developing after radiation therapy. However, there are differences in the clinical data described in each of those cases. Furthermore, in the present case, the tissue type of the primary lesion, the irradiation dose and the duration of the radiation therapy were unknown, as this was an event from 50 years ago and the medical records had been discarded. To the best of our knowledge, there have been no reports to date of MPM developing ~50 years after radiotherapy. However, the population in Japan is aging, and the number of patients with malignant mesothelioma is increasing annually (18) . Although a number of malignant mesotheliomas were associated with asbestos exposure in the 1970s, some may have been related to radiotherapy. As the long-term prognosis after solid tumor surgery with radiotherapy is expected to increase due to the recent advances in medical technology, the incidence of post-irradiation malignant mesothelioma may also increase. In addition, long-term cancer survivors often develop other cancers, which makes diagnosis more difficult, as in the current case; however, malignant mesothelioma should be considered in the differential diagnosis if a patient has a history of radiotherapy.
